DIGITAL TELEVISION SIGNAL TRANSLATOR 

Technical Field of the Invention 

The present invention relates to a translator 
that translates a digital television signal from one 
channel to another. 

Background of the Invention 

The United States has adopted a digital 
television standard for the transmission of digital 
television signals. This standard specifies that data 
is to be transmitted in the form of packets to digital 
television receivers. For example, video data are 
transmitted in video packets, audio data are 
transmitted in audio packets, and certain data 
including, inter alia, the physical, virtual, and NTSC 

channels of the corresponding digital television signal 
are transmitted in packets containing program system 
information protocol data tables (PSIP data tables) . 
There are several types of PSIP tables, each containing 
specific information as set forth in ATSC document 
A/65. The table relevant to this invention is referred 
to as the virtual channel table (VCT) which normally 
occupies between one and three packets. 
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The physical channel corresponds to the 
carrier frequency that is being used to transmit the 
digital television signal. The virtual channel is 
typically, although not necessarily, the channel number 
over which the corresponding analog television signal 
is received in the receiving area covered by the 
digital television signal. For example, the source of 
a particular digital television signal may be 
associated with analog channel number 7 in that 
source's coverage area but may actually be transmitting 
on a carrier corresponding to channel 30. In this 
example, channel 7 is the virtual channel and channel 
3 0 is the physical channel. The virtual channel number 
is frequently displayed by a television such as when a 
channel change is effected. The NTSC channel is 
identified by an analog NTSC carrier and is the analog 
channel assigned to the corresponding source of the 
digital television signal. 

Digital television signals are typically 
transmitted over the air, over cable, by way of 
satellites, etc. In some cases, certain impairments 
may be present which make good reception at particular 
receiving locations difficult. For example, a hill may 
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interfere with or block the broadcast of a digital 
television signal from a transmitter to a receiver so 
that the digital television signal cannot be adequately 
received by the receiver. 

The present invention is directed to a 
digital television translator which receives the 
digital television signal, appropriately processes the 
digital television signal, and forwards the processed 
digital television signal on so that the digital 
television signal may be adequately received by a 
receiver. For example, zhe translator may be 
positioned at the impairment, such as on top of the 
aforementioned hill, so that the harmful effects of the 
impairment are avoided . 
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Summary of the Invention 

In one aspect of the present invention, a 
digital television signal translator comprises a tuner, 
a demodulator, a data replacer, and a modulator. The 
tuner tunes to receive an RF digital television signal 
on a first selected television channel. The 
demodulator provides a baseband television signal from 
the RF digital television signal to which the tuner is 
tuned. The baseband television signal includes a data 
component identifying the first selected channel. The 
data replacer replaces the data component identifying 
the first selected channel with a data component 
identifying a second selected channel different from 
the first selected channel. The modulator modulates 
the baseband television signal including the data 
component identifying the second selected channel for 
transmission as a digital television signal on the 
second selected channel. 

In another aspect of the present invention, a 
method is provided to replace a data component 
identifying a first selected channel with a data 
component identifying a second selected channel. The 
data component identifying the first selected channel 
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is contained in a PSIP data table received in a digital 
television signal, and the first selected channel is 
different from the second selected channel. The method 
comprises the following: finding the data component 
identifying the first selected channel in the PSIP data 
table received in the digital television signal; and, 
replacing the data component identifying the first 
selected channel with the data component identifying 
the second selected channel , 

Brief Description of the Drawing 

These and other features and advantages will 
become more apparent from a detailed consideration of 
the invention when taken in conjunction with the draw- 
ing in which: 

Figure 1 illustrates a translator having a 
PSIP enhancer in accordance with one embodiment of the 
invention; and, 

Figure 2 is a flow chart showing the 
operation of the PSIP enhancer illustrated in Figure 1, 

Detailed Description 
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As shown in Figure 1, a translator 10 
according to one embodiment of the invention includes a 
tuner 12 that receives and tunes to a digital 
television signal coupled to the tuner 12 by a 
receiving device 14 such as an antenna or other input. 

The tuner 12 is tuned to the carrier frequency 
corresponding to the channel which is to be translated 
by the translator 10. This carrier frequency may be 
referred to herein as the translator input carrier 
frequency. Tuning of the tuner 12 can be done locally 
by use of a keyboard or other device coupled to the 
tuner 12 or can be done remotely by transmitting a 
channel tuning signal to the tuner 12 . 

The tuner 12 converts the received digital 
television signal to an intermediate frequency 
television signal as is typical and supplies the 
intermediate frequency television signal to an ATSC 
demodulator 16 which demodulates the intermediate 
frequency digital television signal in order to recover 
the baseband data contained in the digital television 
signal to which the tuner 12 is tuned. The baseband 
data contain various packets, including PSIP packets. 
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and are provided to a PSIP enhancer 18 as shown in 
Figure 1 . 

The PSIP enhancer 18 replaces certain data in 
the PSIP packets with data appropriate to the 
translator 10 as will be discussed more fully below. 
The PSIP enhancer 18 then supplies the revised baseband 
data to a digital television modulator 20 which 
modulates the translator output carrier frequency with 
the revised baseband data to form a modulator output 
signal. The translator output carrier frequency is 
normally an intermediate frequency signal. The 
modulator output signal is supplied to a transmitter 
22. The transmitter 22, for example, may be a 
broadcast transmitter, a cable up converter, or other 
device depending upon the channel through which the 
translated digital television signal is to be 
transmitted. The transmitter or up converter 22 up 
converts the intermediate frequency signal from the 
modulator 2 0 for transmission on a television channel 
selected by the operator. Accordingly, the digital 
television signal may be received at the receiver 
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device 14 on channel A and is re-transmitted by the 
transmitter 22 over channel B, where A ^ B. 

The channel translation from the translator 
input carrier frequency to the output carrier frequency 
of the transmitter 22 is generally desirable in order 
to avoid interference between the digital television 
signal received at the receiving device 14 and the 
digital television signal transmitted by the 
transmitter 22. 

The PSIP enhancer 18 includes one or more 
registers 24, 26, and 28 to hold the new information 
that is to replace the corresponding received 
information. This replacement is necessary because the 
information which is contained in the received digital 
television signal and which is to be replaced no longer 
applies to the digital television signal transmitted by 
the transmitter 22 due to the change in carrier 
frequency effected by the translator 10. 

Accordingly^ the register 24 holds the new 
physical channel to which the translator 10 translates 
the received digital television signal. The received 
digital television signal, on the other hand, contains 
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the old physical channel as indicated in the physical 
channel portion of the received PSIP packets. Thus, 
the PSIP enhancer 18 replaces the old physical channel 
in the physical channel portion of the received PSIP 
packets with the new physical channel held in the 
register 24. The old physical channel to be replaced 
by the translator 10 as described herein may be 
designated A, and the new or replacement physical 
channel may be designated C. 

The register 26 holds the new virtual channel 
number. As discussed above, while the virtual channel 
number can be set to any value desired, it is typically 
set to the channel number over which the corresponding 
analog television signal is customarily received in the 
receiving area covered the digital television signal. 
To the extent that it is desired to alter the virtual 
channel number corresponding to the received digital 
television signal, the PSIP enhancer 18 replaces the 
old virtual channel number in the virtual channel 
portion of the received PSIP packets with the new 
virtual channel number held in the register 26. The 
virtual channel number might be changed, for example, 
if a local source wants receivers to display its 
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identification instead of the identification of an 
upstream source from which the local source has 
obtained the digital television signal for re- 
transmission. If there is no desire to change the 
virtual channel number, the register 26 is merely set 
to hold the old virtual channel number. The old 
virtual channel number to be replaced by the translator 
10 may be designated XX, and the new or replacement 
virtual channel number may be designated YY, 

The register 28 holds the new NTSC channel. 
As discussed above, the NTSC channel is identified by 
the corresponding analog NTSC carrier and is the analog 
channel assigned to the corresponding source of the 
digital television signal received by the translator 
10. To the extent that it is desired to alter the NTSC 
channel corresponding to the received digital 
television signal, the PSIP enhancer 18 replaces the 
old NTSC channel in the NTSC channel portion of the 
received PSIP packets with the new NTSC channel held in 
the register 28. Changing the NTSC channel also may be 
optional. If so, and if there is no desire to change 
the NTSC channel, the register 2 8 is merely set to hold 
the old NTSC channel . The old NTSC channel to be 
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replaced by the translator 10 may be designated B, and 
the new or replacement NTSC channel may be designated 
herein as D. 

The data in the PSIP packets to be replaced 
by the data held in the registers 24, 26, and 28 is 
referred to herein as the virtual channel table. 
Accordingly, the virtual channel table contains the 
data XX, A and B and is present in the PSIP packets of 
the received digital television signal. 

As shown in Figure 1, the registers 24, 26, 
and 28 may be set by a computer 32 such a personal 
computer which is coupled to the PSIP enhancer 18 by 
way of an RS232 connection 34. However, other devices 
could be used to locally set the registers 24, 26, and 
28, and/or the registers 24, 26, and 28 may be set 
remotely as in the case of the tuner 12. Moreover, the 
function performed by the computer 32 could instead be 
performed by a microprocessor or other device built 
into the PSIP enhancer 18. 

The PSIP enhancer 18 may be a state machine 
which is implemented as a programmable logic device, 
but could instead be implemented as an ASIC 
(Application Specific Integrated Circuit) , a 
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programmable logic array, computer, etc. The PSIP 
enhancer 18 may be programmed in accordance with the 
flow chart of Figure 2, As shown in Figure 2, when the 
PSIP enhancer 18 finds a PSIP packet in the baseband 
data supplied to it as indicated by a block 40, the 
PSIP enhancer 18 determines at a block 42 whether the 
PSIP packet contains the virtual channel table as 
described above. 

If the PSIP enhancer 18 determines at the 
block 42 that the PSIP packet in the baseband data does 
not contain the virtual channel table, flow returns to 
the block 40. On the other hand, if the PSIP enhancer 
18 determines at the block 42 that the PSIP packet in 
the baseband data contains the virtual channel table, 
the PSIP enhancer 18 at a block 44 replaces the data in 
the virtual channel table contained in the PSIP packet 
of the baseband data with the corresponding data held 
in the registers 24, 26, and 28. 

Thus, the new virtual channel number YY 
replaces the old virtual channel number XX, the new 
physical channel C replaces the old physical channel A, 
and the new NTSC channel D replaces the old NTSC 
channel B. 
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The PSIP data table also contains a cyclic 
redundancy code (CRC) which was originally computed 
based upon the data originally contained in the PSIP 
data table. Because this data is changed by the PSIP 
enhancer 18 due to the replacement of the virtual 
channel, the physical channel, and/or the NTSC channel, 
a new cyclic redundancy code must be computed. 
Accordingly, the PSIP enhancer 18 at a block 46 re- 
computes the cyclic redundancy code based upon the 
revised PSIP packet. Also, the PSIP enhancer 18 at the 
block 4 6 replaces the old cyclic redundancy code in the 
PSIP packet with the newly computed cyclic redundancy 
code . 

The PSIP enhancer 18 then supplies the 
revised PSIP packets to the digital television 
modulator 20 at a block 48. 

While the operations performed by the blocks 
44 and 46 are shown in Figure 2 sequentially, in the 
embodiment of the invention described herein, the 
operations of the blocks 44 and 46 are performed in 
parallel. Thus, the computation and replacement 
operations of the blocks 44 and 46 are performed 
continuously. 
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Because the processing performed by the 
translator 10 involves demodulating the received 
digital television signal down to baseband and then re- 
modulating the received digital television signal for 
re- transmission on a different channel, the translator 
eliminates or at least substantially reduces 
interference between the received and the re- 
transmitted signal. Moreover, the digital television 
receivers that receive the translated digital 
television signal are able to determine the new 
physical carrier frequency, the new virtual channel 
number, and the new NTSC channel frequency from the 
revised virtual channel table contained in the digital 
television signal that they receive. Thus, the sources 
of the digital television signals are able to retain 
their channel identification and branding, and the 
channel translation is transparent to the viewer. 

Certain modifications of the present 
invention have been discussed above. Other 
modifications will occur to those practicing in the art 
of the present invention. For example, the present 
invention may be used in connection with different 
modulation techniques such as VSB, QPSK, etc. 
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Additionally, the techniques used in this 
invention can be used as described above to replace 
other received data such as the data in the short name 
field (usually used to identify the call letters of the 
broadcaster) with new data. 

Also, as described above, the PSIP enhancer 
18 includes one or more registers 24, 26, and 28 to 
hold the new information that is to replace the 
corresponding received information. However, the new 
information that is to replace the corresponding 
received information may be stored in other devices 
within or without the PSIP enhancer 18 such as in or on 
a RAM, a ROM, a disc, etc. 

Accordingly, the description of the present 
invention is to be construed as illustrative only and 
is for the purpose of teaching those skilled in the art 
the best mode of carrying out the invention. The 
details may be varied substantially without departing 
from the spirit of the invention, and the exclusive use 
of all modifications which are within the scope of the 
appended claims is reserved. 
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